MATERIALS AND METHODS Materials. a-Amylase (Taka-amylase A), which was produced by A. oryzae and recrystallized three times, was obtained from Sankyo Co., Tokyo. Cytochrome c (yeast), serum albumin (bovine), and a-globulins (human) were purchased as molecular weight markers from Mann Research Laboratories, Inc., New York, N.Y. Crystalline lysozyme was a gift from Eizai Co., Tokyo. All other chemicals were reagent grade.
Microorganisms. A. oryzae M-1 3 and Mucor rouxianus LAM-6130 were obtained from the culture collections of this Institute and were maintained on the agar slant consisting of the following composition: polypeptone (Daigo-Eiyo Co., Osaka), 10 g; yeast extract (Daigo-Eiyo Co., Osaka), 5 g; KH2PO4, 1 g; KCI, 0.5 g; MgSO4*7H20, 0.5 g; sucrose, 30 g; and agar, 20 g; in 1 liter of tap water (pH 5.6). The slants were incubated at 27 C for 1 week to allow formation of conidiospores, and were then stored in a refrigerator (4 C). A. amstelodami IAM-2035 (23) was maintained on an agar slant containing 20% sucrose (18) . Ascospores of the fungus were prepared as described in the previous paper (22) . All strains used here were aamylase-forming strains.
Cultivation. Unless otherwise stated, A. oryzae was cultivated at 27 C for 76 hr on a rotary shaker by inoculation of conidiospores in a a-amylase-forming medium having the following composition: starch, 35 g; polypeptone, 20 g; KH2PO4, 5 g; and MgSO4-7H20, 2.5 g; in 1 liter of tap water. Inoculum size was approximately 109 spores per liter of the medium. A. amstelodami and M. rouxianus were cultivated by the methods of Yabuki (23) and Bartnicki-Garcia and Nickerson (3), respectively. In some cases, peptonemineral medium containing polypeptone (20 g ), KH2PO4 (5 g), and MgSO47-H20 (2.5 g), in 1 liter of tap water, was used. In this medium, little secretion of a-amylase is observed.
Preparation of cell walls. For preparation of mycelial cell walls of fungi, the procedure of Johnston (11) was employed with some modifications. After cultivation (1 liter of medium), mycelia were collected on filter paper, washed five times with 100 ml of deionized water, and then suspended in deionized water. The suspension was treated in an Omnimixer (Ivan Sorvall, Inc., Norwalk, Conn.) for 10 min to make a homogeneous preparation. The mycelia in the preparation were disrupted by successive treatments with glass beads in a Braun Mechanical Cell Homogenizer at top speed for 2 min and by sonic oscillation at 10 kc for 10 min. The treatments were performed under cooling systems by solid carbon dioxide and ice water. The treated mycelia were washed eight times with deionized water. The preparations obtained are composed of cell wall (designated as intact cell wall) which does not include cytoplasmic material.
The wall preparations were suspended in 10 mm phosphate buffer (pH 5.0) and stored in a deep freezer. Alkali-treated walls were prepared from cell walls of A. oryzae by the successive treatments shown in Fig. 1 . After the treatment, the walls were washed many times with distilled water to remove alkali, and were then suspended in 10 mm phosphate buffer (pH 5.0). The suspension was used for characterization of a-amylase-binding site and of masking factor for this site, because the wall shows high capacity to bind a-amylase (Taka-amylase A) and many other proteins. The binding capacity for the enzyme was dependent on both growth age and growth medium. Unless otherwise stated, the alkali-treated wall was prepared from the mycelial wall after 76 hr of cultivation in the a-amylase-forming medium.
Assay procedure for a-amylase. Reaction was at 30 C for 5 min. After the reaction, 0.5 ml of the reaction mixture was pipetted in 5.0 ml of 0.01% iodine solution. The resulting solution was diluted to 10.0 ml with deionized water, and absorbancy of the diluted solution was measured at 620 nm. An amount of the enzyme was calculated from a standard curve prepared with crystalline a-amylase (Taka-amylase A). By this procedure, 0.1 to 2.0 ,Ag of a-amylase was determined. a-Amylase-binding ability. The reaction mixture for determination of a-amylase-binding ability consisted of 2.0 ml of wall suspension (10 mg of dry cell wall per ml in 10 mm phosphate buffer, pH 5.0) and 0.5 ml of a-amylase solution (500 jug of a-amylase per ml). The mixture was kept at room temperature for 1 min, and then centrifuged at 700 X g for 5 min. The pellet (cell wall) was washed twice with 2.0 ml of 10 mm phosphate buffer (pH 5.0) to remove aamylase which did not bind. These conditions were chosen for the following reasons. The amount of enzyme bound to the wall was calculated by subtracting the amount of the unbound enzyme from the total amount added. The enzyme bound to the pellet was extracted with two portions of 2.0 ml of 10 mm phosphate buffer (pH 8.2) containing 0.3 M NaCl. Enzyme activity and amount of protein in the extract were determined. By this treatment, a-armylase which was previously bound to the wall was completely recovered in the extract. Binding ability of the wall preparations for proteins other than a-amylase was also determined by the same procedure. Masking factor. To determine masking ability for for a-amylase-binding site, a 2-ml amount of the wall suspension containing 20 mg of the alkali-treated wall in 10 mm phosphate buffer (pH 5.0) was mixed with 20 ;&liters of sample (10 to 200 pg protein) and kept at room temperature for 1 min. The wall was then collected by centrifugation and washed with two portions of 2.0 ml of 10 mm phosphate buffer (pH 5.0). The wall that was treated with assay sample was resuspended in 2.0 ml of 10 mm phosphate buffer (pH 5.0), and was used for determination ofa-amylasebinding ability which still remained after the pretreatment. Masking ability was expressed as the amount of a-amylase-binding ability lost by treatment with the assay sample.
Polyacrylamide disc-gel electrophoresis. (12) or by the 3,6-dinitrophthalic acid method (17) after hydrolysis in 2 N HCI at 100 C for 4 hr. Total uronic acid was determined by the carbazol reaction of Bitter and Muir (6) . After hydrolysis in 4 N HCI at 10 C (in a sealed tube) for 24 hr, hexosamine was analyzed by the Elson-Morgan reaction as modified by Svennerholm (20) .
RESULTS
Binding of a-amylase to cell wall of fungi. The ascospore wall of A. amstelodami showed a strong binding of a-amylase, whereas samples of mycelial cell wall failed to bind the enzyme (Table  1) . When mycelial wall was treated with 0.1 N NaOH overnight at 4 C, the wall of M. rouxianus gained the ability to bind a-amylase, whereas the walls of A. oryzae and A. amstelodami gained little binding ability. To obtain further evidence of the effect of alkali treatment on binding ability, the following experiment was performed (Fig. 1) . The mycelial wall of A. oryzae was subjected to stepwise treatment with 10 mm phosphate buffer (pH 5.0), 0.1 N NaOH and 1.0 NaOH at room temperature, and 1.0 N NaOH in a boiling-water bath. Each treatment was carried out for 30 min, followed by washing with deionized water to remove buffer or alkali. Then, the treated wall was suspended in 10 mm phosphate buffer (pH 5.0), and was examined for binding ability. As the steps of the alkali treatment proceed, the wall progressively gains a-amylase-binding ability (Table 2) . After treatment with hot 1.0 N NaOH, the wall exhibited a high binding capacity, 70.9 ,ug of a-amylase per 10 mg of A. oryzae cell wall.
These findings give rise to the following hypothesis for the a-amylase-binding. Mycelial cell wall of fungi grown in an a-amylase-forming medium includes a "masking factor" for the a-amylase-binding site which is originally located on the wall, and the factor is removed by the alkali treatment.
a-Amylase bound to the alkali-treated mycelial wall showed enzymatic activity equal to that of the enzyme in a free form. When the bound a-amylase was eluted from the wall with 10 mm phosphate buffer (pH 8.0) containing 0.3 M NaCl, the specific activity of the enzyme in the eluate was the same as that of the enzyme used. This finding indicates that any protein other than a-amylase was not solubilized from the alkalitreated wall in this elution procedure.
Presence of masking factor for the a-amylasebinding site in mycelia, cell wall. By the stepwise alkali treatment described above, some parts of constituent material of mycelial cell wall were extracted. Chemical analysis of the extracts is shown in Table 3 . Most of protein in the mycelial wall of A. oryzae was solubilized by the treatment, and one-fourth of the total reducing sugar and of the total uronic acid were also extracted, whereas hexosamine derivatives were negligibly extracted by the treatment. Each extract obtained was neutralized with HCI, concentrated "See Fig. 1 . b a-Amylase-binding ability expressed as micrograms of a-amylase per 10 mg of wall preparation (dry weight). Chemical analysis was performed with intact mycelial cell wall. in vacuo and dialyzed against deionized water. Further concentration was performed by filtration through a collodion bag (Sartorius membrane filter, Gottingen, Germany) to give a protein concentration of approximately 1%. The preparations thus obtained were examined for ability to prevent binding of a-amylase. The alkali-treated wall could bind some of the protein in the extracts (Table 4 ). The masking ability was specifically in extract 4 (Fig. 1) . In comparison, several known proteins were also examined for masking ability. Lysozyme and gamma globulins could bind to the alkali-treated wall at a high rate (71 ,ug per 10 mg of wall under the conditions used here), but these proteins did not prevent binding of a-amylase. Cytochrome c, serum albumin, and alkali-treated a-amylase (see footnote b, Table 4 ) also bound to the wall without the masking effect. These data indicate that the mycelial walls include the binding site having high specificity for a-amylase, and that an exchange reaction between the protein which has previously bound to the wall and a-amylase does not occur.
Some properties of the masking factor. Purification of the masking factor from extract 4 was car- bSed Fig. 1 .
-Crystalline a-amylase was treated with 1.0 N NaOH at 100 C for 30 min, and was then neutralized. The treated sample was dialyzed against ried out as follows. The extract was neutralized with HCI, concentrated under reduced pressure, and dialyzed against deionized water for 2 days at 4 C. By dialysis, substance having low molecular weight was removed. Further concentration was performed by filtration through a collodion bag, and the sample concentrated was applied to a column of Sephadex G-100. A symmetrical filtration profile for protein was observed (Fig. 2) and showed complete agreement with a profile for the masking ability. The main fraction (tube no. 15) of the filtrate from the Sephadex column gave a single peak in analysis by both ultracentrifugation (S = 1.6, uncorrected; Fig. 3 ) and disc-gel electrophoresis (MBPB = 1.0; Fig. 4) . By the binding of 19 ,ug of masking factor to 10 mg of alkali-treated wall, the binding site for 96 j,g of a-amylase was masked (Table 4) .
At pH 5.0 in 10 mm phosphate buffer, the masking factor was mixed with the alkali-treated cell wall which previously bound a-amylase, and the bound enzyme was immediately free from the wall. For release of 76 jug of a-amylase from the wall, 17.0 ,ug of the purified masking factor was required. The factor which was replaced could be quantitatively recovered from the wall in the extract obtained by treatment with 10 mm phosphate buffer (pH 8.0) containing 0.3 M NaCI.
The masking factor is inducible ( . i Tube number  FIG. 2 (23) . In this paper, a binding site for a-amylase was found in the mycelial cell wall of A. oryzae. The binding site in the intact cell wall of this fungus grown in an a-amylase-forming medium was always masked with a factor (designated as masking factor) which can be extracted by treatment with alkali.
The masking factor has much higher affinity for the a-amylase-binding site than a-amylase. This difference in affinity might be a force for releasing a-amylase from the mycelial cell to culture medium. We show a physiological role of the a-amylase-binding site and of the masking factor in a speculative mechanism for a-amylase secretion. In an a-amylase-secretion mechanism in A. oryzae, the binding of enzyme to cell wall is an intermediary step, followed by release of the enzyme from the cell wall to medium by replacement with the masking factor at the aamylase-binding site. By this mechanism, the amount of a-amylase secreted to medium cannot exceed the binding capacity for a-amylase in the cell wall. In fact, in our experiments with A. oryzae, the binding capacity was always much higher than the amount of a-amylase secreted to extracellular space (unpublished data).
Although the masking factor for the a-amylasebinding site was isolated from the mycelial cell wall of A. oryzae and purified as a single protein, the factor we obtained is not a native form for the following reasons. (i) To isolate the masking factor, extraction was performed with hot 1.0 N NaOH. This treatment is so drastic that the masking factor might be denatured to an unnatural form which still has masking ability for the a-amylase-binding site. (ii) The purified masking factor which was previously rebound to the alkali-treated wall could be eluted readily with 10 mm phosphate buffer (pH 8.2) containing 300 mm NaCl, whereas the masking factor which was included in the intact cell wall was not solu- bilized by this mild condition. The change in solubility might be due to a partial denaturation of the intact factor. In spite of many trials, the factor has not yet been obtained in native form.
When the alkali treatment (1.0 N NaOH at 100 C for 30 min) was applied on ax-amylase, the enzyme was converted to a new protein having a higher mobility (MBPB, 1.0) than that of the original protein (MBPB, 0.88) in the gel electrophoresis (Fig. 4) . The new protein derived from a-amylase could bind to the alkali-treated cell wall without any masking ability for the aamylase-binding site. This finding indicates that the masking factor in native form is not a-amylase itself.
